Introduction
There is a growing demand for plant foods cultivated using organic methods. For example, the production of certified organic rice (Oryza sativa L.) in 2015 was 8,831 Mg, thus recording an increase of 15% from 2001 (Ministry of Agriculture, Forestry and Fisheries 2017a). However, there is also the growing problem of deliberately mislabeling conventionally grown plants (fruit, vegetables, and grain) as organically grown produce (Ministry of Agriculture, Forestry and Fisheries 2017b) . This type of food fraud is becoming an increasingly important social problem as it can endanger both food safety and security. Therefore, preventive measures
Abstract
The natural 15 N abundance (δ 15 N value) of organic rice tends to be higher than that of conventional rice. However, as δ 15 N values vary in both organic and conventional rice, it might be difficult to use a particular δ 15 N value as an indicator of organic growth conditions. This review describes an approach that was developed at the Tohoku Agricultural Research Center, National Agriculture and Food Research Organization. The relationship between the δ 15 N values of rice and those of soil under organic or conventional farming conditions has been investigated. Regardless of the farming method, the δ 15 N values of rice reflect those of the soil. The δ 15 N values of organically grown rice tend to be higher than the regression line obtained from the δ 15 N values of rice and soil without the application of an N fertilizer. The δ 15 N values of conventionally grown rice tend to be lower than the regression line. Thus, the relationship between the δ 15 N values of rice and soil without an applied N source could be used to differentiate between organic and conventional rice. However, the existence of regional variation in the relationship between the δ 15 N values of rice and those of unamended soil can confound the use of this discriminant method. Such variation may occur due to the differences in δ 15 N of natural N inputs, and also through ammonia nitrification and subsequent denitrification. Temporal variation can also occur, though the reason for such variation is unknown. When the relationship between the δ 15 N values of rice and those of unamended soil is employed to distinguish between organic and conventional rice, regional and temporal variations in that relationship should be taken into account.
JARQ 52 (3) 2018 M. Nishida for vegetables (e.g., Nakano et al. 2003 , Bateman et al. 2007 , Rogers 2008 , Šturm et al. 2011 , fruit (Camin et al. 2011) , and tea (Hayashi et al. 2011 ). Synthetic fertilizer is chemically manufactured fertilizer, and its N is derived from atmospheric N with a δ 15 N value of 0‰. These observations suggest a means to discriminate organic crops through use of the δ 15 N value. A pioneer study conducted by Fujita et al. (2003) on the δ 15 N values of organic rice and conventional rice revealed a difference between both types. Suzuki et al. (2009) It was first reported in 1990 that the δ 15 N values of rice grown without synthetic fertilizer were higher than those grown with synthetic fertilizers (Yoneyama et al. 1990 ). The δ 15 N values of paddy soils as well as rice are higher after repeated application of organic materials, such as crop residue, livestock manure and green manure, without synthetic fertilizer than those applied with synthetic fertilizer (Yoshiba et al. 1998) . Rice (polished) from organically farmed fields, certified by the Japan Agricultural Standards (JAS, Ministry of Agriculture, Forestry and Fisheries 2017a), from fields converted from conventional to organic farming following JAS regulations, and from conventional fields have been investigated; their mean δ 15 N values were found to be +5.0‰, +3.5‰, and +2.8‰, respectively (Fujita et al. 2003) . Thus, organic rice has a significantly higher δ 15 N value than conventional rice. According to Fujita et al. (2003), although δ 15 N values cannot provide a defined standard for identifying organic rice and conventional rice, these values indicate that rice with a δ 15 N value lower than +3‰ is most likely grown conventionally (Fig. 1) . A similar conclusion was reached by Suzuki et al. (2009) (Nishida & Sato 2015) . Finely ground samples were used for 15 N analysis. Two of the fertilizers were derived from plant processing waste, 11 from fish, livestock and plant processing wastes, four from chicken manure, and one from cattle manure. The selected fertilizers cover most types of organic fertilizer available on the market. Four synthetic fertilizers, ammonium sulfate, and three compound fertilizers that are commonly used in rice farming were also tested. The synthetic fertilizers were dissolved in distilled water. The solution was put into a tin capsule and freeze-dried, and then subjected to 15 N analysis. 15 N values of total N in rice (unpolished) and soil were analyzed in a range of field conditions: application of rice straw compost, livestock manure compost, pelletized organic fertilizer, and/or synthetic fertilizer. Plots in which rice straw compost, livestock manure compost, or pelletized organic fertilizer was solely applied were considered to be organic in terms of fertilizer management. Finely ground samples were used for 15 N analyses in both rice and soil. Regardless of the cropping year, the δ 15 N values of rice tended to reflect those of the soil (Fig. 3) . In all years, a significant positive correlation was observed between the δ 15 N values of rice and soil in plots where no N source was applied. (Yoneyama 1996) . The reported δ 15 N values for organic fertilizers are higher than those of synthetic fertilizers, ranging from +4.2‰ to +20.8‰ (Tokunaga et al. 2000 , Nakano & Uehara 2006 , Nishida et al. 2007 , Nakano et al. 2010 , Hayashi et al. 2011 . Yoneyama et al. (1990) reported that alluvial soil, the dominant type of Japanese paddy soil, has a mean δ 15 N value of +3.2‰ based on the δ 15 N values of soils collected throughout Japan. Therefore, the δ 15 N values of organic fertilizers generally tend to be higher than those of Japanese paddy soils, whereas those of synthetic fertilizers are likely to be lower. (Fig. 4) (Figs. 2 and 3) . Similarly, the δ 15 N values of most commercial organic fertilizers are higher than the δ 15 N values of soils in the fields at Daisen and Yokote (Figs. 2 and 4) . Hence, the δ 15 N values of rice grown with these organic fertilizers would be expected to be higher than those of rice grown without an N source application. In contrast, the δ 15 N values of the synthetic fertilizers were negative (Fig. 2) ; therefore, rice grown with these fertilizers would be expected to have lower δ 15 N values than those of rice grown without an N source application. If both organic and synthetic fertilizers were applied, the δ 15 N values of rice would vary according to the relative rates of application of both types of fertilizer, their δ 15 N values, and their N efficiencies for rice plants. The N efficiencies of synthetic fertilizers are generally higher than those of organic fertilizers (Nishida et al. 2004 , Chalk et al. 2013 . Consequently, the influence of a synthetic fertilizer N with a low δ 15 N value is likely to be more apparent than those of organic fertilizers. Figure 5 shows the relationship between the δ 15 N values of unpolished rice and those of polished rice collected at TARC/ NARO in 2006 15 N values of unpolished rice and polished rice are almost identical. Thus, both unpolished rice and polished rice can be applied to the discrimination approach to distinguish between organic rice and conventional rice using the relationship between the δ 15 N values of rice and those of soil.
The available information suggests that it would be difficult to use a particular δ 15 N value for rice as an indicator of organic growth conditions. Fujita et al. (2003) proposed a threshold value of +3‰, suggesting that rice with a value < +3‰ was most likely produced by conventional cultivation. However, as can be seen in Figs (Fig. 6 ), but differed from that observed in Daisen. An analysis of covariance (ANCOVA) showed that the regression slopes did not differ significantly, but a significant effect of the site on the δ 15 N values of rice was evident when the common slope (1.01) was applied. This indicates that the δ 15 N values of rice in Daisen are significantly higher than those in Ogata. The difference between the intercepts of the regression lines was 0.8‰. These results showed the existence of regional variation in the relationship between the δ 15 N values of rice and those of unamended soil. (Hayasaka et al. 2005 , Wo et al. 2008 into account, N from rainfall is not considered a factor in the higher δ 15 N values of rice observed at Daisen compared to those at Ogata. Biological N fixation is also not considered a factor because a greater amount of biological N fixation (Yasuda et al. 2000) with negative δ 15 N values (Yoneyama 1987) can be expected in Daisen.
Another possible factor that affects the δ 15 N values of mineralized N in soil is ammonia nitrification in the oxidized layer, followed by denitrification of nitrates in the reduced layer. Both processes can enrich the 15 N content of the remaining mineralized N in the soil. Nitrification-denitrification processes may occur over a longer period in Daisen, which has higher water permeability than Ogata (Hasebe et al. 1986 ), resulting in the enrichment of 15 N in rice in Daisen. This process may therefore be a factor in the higher observed δ 15 N values of rice in Daisen than in Ogata. Thus, the difference in the δ 15 N value of natural N inputs and N transformation in the soil in the target area should be carefully considered when employing the relationship between the δ 15 N values of rice and those of soil to discriminate between organic and conventional rice.
Temporal variation in relationship between δ 15 N of rice and soil
In addition to regional variation, temporal variation in the relationship between the δ 15 N values of rice and those of soil has been tested. At each site, ANCOVA showed that the regression slopes did not differ significantly due to a lack of significant interaction, but a significant effect of the cropping year on the δ 15 N values of rice was evident when applying the common slope (1.03 in Daisen, 1.09 in Ogata) (Table 1) . These results showed the existence of temporal variation in the relationship between the δ 15 N values of rice and those of unamended soil. The cause of such temporal variation is = 11, 13, and 12 in 2007 = 11, 13, and 12 in , 2008 = 11, 13, and 12 in , and 2009 = 11, 13, and 12 in , respectively, in Daisen. n = 9, 8 and 6, in 2007 = 11, 13, and 12 in , 2008 = 11, 13, and 12 in , and 2009 , respectively, in Ogata. 
Perspectives
As described in this review, the relationship between the δ 15 N values of rice and soil can be used to discriminate between organic rice and conventional rice. This approach may aid in enhancing both food safety and security. However, δ 15 N values alone cannot completely discriminate between organic rice and conventional rice. Therefore, other approaches need to be developed. A combination of multiple methods (e.g., trace element component) will enable a more sensitive means of identifying organic and conventional rice.
